*The calculated lattice mismatch is calcuated by using 200%×(a1-a2)/(a1+a2). a1 and a2 are the bulk lattice constant of these two components. It assumes that one of the phase is completely strained to another phase. (002) MgO (002) STO (001) STO (003) Intensity (a.u.)
2 ( MgO (002) STO (002) LSMO (002) STO (103) LSMO (103) The total surface area (S1) of m MgO cylinders is given by, S1=m×2πr1×h; and the total surface area (S2) of n MgO cylinders is given by, S2=m×2πr2×h. Therefore, S1 / S2 = r2 / r1. This is also consistent with the discussion in fig. S8 that the nanoscaffold MgO surface area S is inversely proportional to its radius r when the V is fixed.
fig. S11. Critical radius (Rc) and the residual vertical mismatch strain (ԑ ) of the MgO pillar as a function of the volume ratio of the MgO pillars (fMgO).
S1. Deriving the analytical expressions of critical thickness (hc) and radius (Rc) in vertical nanocomposite thin films
Deriving hc
The expression of hc is derived following conventional epitaxial theory. As mentioned in main text, the area elastic energy density (felast) equals the area energy cost of forming an interfacial dislocation (fdisl). For cubic MgO, felast is expressed as (58) elast (ℎ) = 2Gℎ 
where the eigenstrain ԑ 0−q is induced from lattice mismatch between the phases, and is zero for q=LSMO because LSMO is taken as the reference. Thus the only unknown parameters in eq.
S5 are the in-plane and out-of-plane total strains ԑ 11 q and ԑ 33 q , which can be obtained by 
Equation 4 in the main text can therefore be obtained by considering fdisl(Rc)=felast (see eq. S7).
As shown in fig. S11 , the calculated critical radius (Rc) and the resultant residual vertical mismatch strain ԑ OOP 0 (see main text) decrease nonlinearly with the increasing volume fraction of MgO pillars (fMgO). This is a result of the nonlinearly increased density of interfacial dislocations.
